* 8 


| ASTRONOMICAL EPHEMERIS; 


* F 2 
+ 3 
5 1 2 
2 : X 


-— 5 ; 2 ; 
. 9 8 5 * ; 4 + 2 5 8 2 / 
ti E b 2 O 7 : 
_ Publiſhed by Oa DEM of the 
* - 5 + : 3 


Coumrssraners or LONGITUDE. 


1 
] 


1. o n U O N 8 


| Printed by RicuinvDron and O. 


PRIX T EAS; 

; „ SOLD BY 

J. NouRsE, i in the Strand, and Meſſ. MounT ad aun; - 
on Tower-Hill, 


Bookſellers to the ſaid COMMISSIONERS. 
M DCC Lxix. 


deen Three * and Six Pence. J 


- : 


5 


2 


SOIC 


e 


n 2 


n 


. 

\ 

I 

* 
- 
N , 
. * 

3 

* 5 


4 
L 
=y 
> 
* 
2 


— 

1 

, LY 
*. 


wH 
< 
. 


* 
"OY 
5 4 4 
i F 4 
„ 
i ; 
4 
Xe ; 
* 
Ly qe * F * * 
8 
8 28 
x Sp. £ 4 þ# 


er eee 


a 
4 
— 
ty - 
4” 22 
* 
* * * 
3 has © * 5 
* & * * 
* 
7 
MY 5 
1 $ 
5 . 
bd 
* 
I 
£ 
* 
.. £ 
4 M 8 arts 
TY I 
* 
* 
— 
7 


+ : 

* 
«> * 
5 5 5 X 

Ki * 

- . 

} 

* » 

4 


4 

* 
— 
* 


— 


$ * 
R OH N y = 
. 85 
£ 1 5 
28 5 k . 
#* 
£ * 
5 7* 


e e e e ee, n dee te dn ed * 1% 


$05 14.9973 26» Nee. * 


* 


E 
, * — 
7 +*L bs * 8 
. Ss & HE 
. 
z 5 
: 3 
% * 
— = 
4 ' 
F 4 % * 
F * : 
k 5 44 
* 
K 2 . 
> £ 
: 3 4 
5 1 * 0 3 , *% 


ExxRAc from the late Act of Parliament 
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HERE As the Publication of Nautical Almanacs 
VVconſtructed by proper Perſons, under the Direc- 
tion of the ſaid Commiſſioners, would greatly contribute 
to make the faid Lunar Tables more generally uſeful; Be 
it further Enacted, by the Authority 14 That it 
ſhall and may be lawful to and for the ſaid Commiffioners 
to cauſe ſuch Nautical Almanacs, or other uſeful Fables, 
to be conſtructed, and to print, publiſh, and vend, or cauſe 

to be printed, publiſhed, and vended, any Nautical Alma- 
nac or. Almanacs, or other uſeful Table or Tables, 


which they, or the major Part of chem, ſhall, from ins 


to time, judge neceſſary and uſeful, in order to facilitate 
the Method of diſcovering the Longitude at Sea; any_ 
Law, Statute, excluſive Privilege, private Charter, or 

other Cuſtom, to the contrary thereof notwithſtanding. . 


And be it Enacted, by the Authority aforeſaid, That no 
Perſon or Perſons ſhall print, publiſh, or vend, or cauſe to 
be printed, publiſhed, or n Nautical Almanac 
or Almanacs, or other Table or Tables conſtructed under 
the Direction of the ſaid Commiſſioners, without being firſt 
Jicenſed by the ſaid Commiſſioners, or the major Part of 
them: And if any Perſon or Perſons not fo licenſed, or 
not being authorized by. the Perſon or Perſons fo licenſed 
by the ſaid Commiſſioners, ſhall print, publiſh, or vend, 
or cauſe to be printed, publiſhed, or vended, any ſuch 
Nautical Almanac or Almanacs, or other Table or 
Tables, every ſuch Perſon or Perſons ſhall, for every Copy 
of ſuch Nautical Almanac or Table fo printed, pub- 
liſhed, or vended, forfeit and pay the Sum of Twenty 
Pounds; to be recovered by Action of Debt, Bill, Plaint, 
or Information, in any of his Majeſty's Courts of Record 
at Meſiminſter; and that One Moiety of ſuch Penalty and 
' Forfeiture ſhall be to his Majeſty, his Heirs and Succeſ- 
ſors, and the other Moiety to him or them tl 2 ſhall pre- 
ſecute, inform, or ſue for the ſame. _ he 
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| * contribute to make the Lunar T 
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* che e 4 EY” by Acts 
25 rock 7 the 
. Longitude at Sea, and for examining, try 
ing, and judging of all Propoſals, Experi- 
nts. refering: to * 


- ſame. 


en BL E 
| HEREAS 90 A e aum Plidns G - 
YY compute Nautical Almanacs and Aſtronomical 

F beides for the Vears 1771 and 17 2, Which will 
— 5g conſtructed 

the late Profeſſor Max ER of Gottingen (which you 
N already printed with out uthority) more generally. 


_ uſeful; and ow we think fit to employ tp u to print the 
Haid Nautical Almanacs and Aſtronomica 


Ephemerides: 
We do therefore, in purſuance of the Power veſted in us by 


Act of Parliament, hereby licenſe, authorize, and impower 


ou to cauſe the ſame to be printed, together with ſuch 


ther uſeful Tables for facilitating the Method of diſcover- 
ing the Longitude at Sea, as ſhall have been conſtructed 


under our Direction, and will be delivered to you by the 

Reverend Mr. Nevit MAsKELYNE, his Majeſty's 

Aſtronomer Royal at Greenwich; and for fo doing this ſhall 

Feds ſufficient Warrant. - Given under our Hands and 
$ this 2 of A 1 

Ep. HA WER 1 

JohN Cusr 1. 8. 
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Jonn [022708 Secretary, 
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| By the e appointed by PP" ny 


of Parliament for the iſcovery of the 
_ Longitude at Sea, and for. examining, try- 
ing, Rk judging of all Propoſals, Experi- 
1 and eee FIRES. to, the 
Ane 


AN HEREAS we hin fit to employ. you to publiſh. 

and vend, and to cauſe to be publiſhed and vended, 
the Nautical Almanacs and Aſtronomical Ephemerides for 
the Years 1771 and 1772, together with other uſeful Fables 
eonſtructed under our Direction) for facilitating the Method 


of diſcovering the Longitude at Sca, which will be ee 


by Meſſieurs RICHARDSON. and CLARK of. Saliſbury 
court, Fleet-fireet : We do therefore, in purſuance of tf 
| Power veſted in us by Act of Parliament, hereby 9 
authorize, and impower you to publiſh and vend, and to 
eauſe to be publiſned and yended, the ſaid Nautical Al- 
manacs and Aftronomical Ephemerides, 1 with the 
other uſeful Tables above-mentioned. For which th 
ſhall be your ſuſficient Warrant. Given cen our Ha 
0 Seals this 18th of 0 1769. 2 
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TEMES 575 ut 
x 2 „ 
ver of F. HoL BURN R 
To bir. Jonx Nonnen, N. MAsKELVYNE(L. S. 
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T. HoR RSE Y (L. 
SG. B. Rop NET (L. S. 
T. SALUSBURY (L.S. 
- Grey Coo PER (LS. 
T. BRA DSHAW (L. S. 
PH.STEPHENS Aas, 
10 e of the TOE Dok : 2 


Joun IBBzTSOX, Secretary 
- 1 W was alſo 3 to the liks Effect to Meſſ. 


Jonx MounT and Tuo Pace, Na. 
tioners on Tewer-hill, ES, 
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| \H E Comeilfionds of Longitude, in pur- 
1 fuance of the Powers veſted in them by a 
125 Act of Parliament, preſent the Publick with 
the Navticar ArManac and ASTRONOMICAL 
ErkEMERIs for the Year 1771, being 155 
Fifth Impreſſion, to be continued annually; a 
Work which muſt g greatly contribute to the "4g 
Provement of Aſtronomy, Geography, and Na- 


n 


vigation. This Epuxurkls contains evefy Thing 
eſſential to general Uſe that is to be found in 


any Ephemeris hitherto publiſhed, with many 


other uſeful and intereſting Particulars never yet 


offered to the Publick in any Work of this Kind. 


The Tables of the Moon had been brought by the 
late Profeſſor MAYER of Gottingen to a K ügient 
Exactneſs to determine the Longitude at Sea, Within _ 
a. Degree, as appeared by the Trials of ſeveral 
Perſons who made Uſe of them. The Difficulty 
and Length of the neceſſary Calculations ſeemed 
the only Obſtacles to hinder them from becoming 
of general Uſe : To remove which this Epne- 
MER1S was made; the Mariner being hereby re- 
lieved from the N eceſſity of calculating the Moon's 


Place from the Tables, and afterwards computing 


the Diſtance to Seconds by Logarithms, which 
are the principal and only very delicate Part of the 
"Calculus: 3 tb that the . 5 Longitude by 


the 


* ” 


rr der 


al Help 61 Une EPHEMERIS | is no 
reduced to the Computation of the Time, an oo 
ration equal t6 that of an Azimuth, and the Cort 


rection of the Diſtance on account of Refra6t ion and 


Parallax, which is alſo rendered very caly by either 
of the LVO Methods 3 by Mr.” 3 85 and 
Mr. Doyrhok xx, ubliſhed' among the Tables 
de to be uſed a the Epmzients. BY 1 1 


By Defite of the Comm of ra 9 1 
1 up the Explanation and Uſe of the e 
contained in the EynemeRis, and the Inſtructions, 
with Examples, for finding the Longitude at Sea 
by the Help of the ſame. I alſo collected and cal- 


culated the Sixteen Firſt Pages of Tables requiſite to 


be uſed with the EphrMERIS, and computed t 


Table of proportional Logarithms, which ſeemed to 


me abſolutely neceſſary to 5 clear this Method of any 


remaining Difficulty; and added Explanations of all 
the Tables, and a Correction, p. 49 and ©, which 


may be applied by the Curious to the Effect of 
Refraction on the Moon's Diſtance from 4 Star, 
found by Mr. Lyons, or any other Method, on 
account of the Barometer and 85 hermometer. | 


All the Calculations of. the Eruzrmzers relating 
to the Sun and Moon were made from Mr. MAYER 
laſt manuſcript Tables, received by the Board of 


; Longitude after his Deceaſe, which have been 
printed under my Inſpection, and will be publiſhed 
eee The Calculations of the Planets were 
made from Dr. HaiLzy's Tables; and thoſe of 


the Eclipſes of Jupiter's Satellites from the Tables 
of Mr. WaROGCEN TIN, publiſhed by M. DE LHA 


A in 4 59» e thoſe of the Fourth Soy 
ite, 


in a Mane 
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PREFACE. 


2 Ute, which were calculated from the Tables of hs 


lame further improved by Mr. Wancxxrix, and 
publiſhed alſo by M. Ds ra Lanns in the Con- 
| eee DES MovyzMENTs e of 7 


All the Rabel 4 the CE IRS were com- 
_ by Two ſeparate. Perſons, and examined by 


a Third, except the Moon's Longitude, Lee 


Right Aſcenſion, Declination, Semidiameter, and 


„ere computed by One 
Perſon, and for Midnight by another, and the 
Truth of theſe Calculations 6 ha He by. means 
of Differences, which, for the Moon's Lon * 
were carried as far as the F ourth Order. e 


Io this Ephemetls are annexed Tables for end. . 
ing the Latitude by Two obſerved Altitudes of the 
Sun, with the Interval of Time meaſured by a 
Watch, more correct and convenient than any Fg | 


1 They were invented by Mr. Corntris 


Douw/xs, Mathematician, and Examinator of the 
Sea Officers and Pilots by the Appointment of the 
Right Honourable College of Admiralty at Au- 
-STERDAM, and were by him tranſmitted to the 
Lords Commiſſioners of the Exolism Admiralty ; 
for which Mr. CoxxELIs Douwzs not long ago re- 
ceived a Reward of 50 1. from the Commiſſioners 
of Longitude. © Theſe Tables, having been put 
into the Hands of Captain Jonx CAMPBELL, have 
been by him enlarged to every 10” of Time; and 
this Copy having been communicated to the Board 
of Longitude by Captain CAM BELL is what theſe 
5 now offered to the Fu blic are | 
ne . „ 


2 £ b 


on ae 3 are ps annexed New 
Tables of the Third Satellite of JueITER, trapſ- 


| mitted to me from their learned Author Mr. WaR- 
 GENTIN, Secretary to the Royal Academy of 


Sciences at. STOCKHOLM ; being corrected and 


much improved from the like Tables of the ſame 
Author, tranſmitted to M. DE La e and 
5 ne by him at Pans in 1759. 


| The 1 and Longitude of the . 
Polx r, having never been determined by aſtrono- 
mical Obſervations made on the Spot or very near 
it, remained in ſome Degree uncertaip. I had at- 
3 tempted, in my BBITIsH MARINER'S Gvips, to 
- deduce its Longitude, | by comparing its Poſition 
with LESXK ARD in CoRNWATL by the Help of 
ſuch Maps as I had at hand, the Longitude. of 
that Place being determined from the Obſervation 
of the Tranſit of VENus in 1761, obſerved there 
by the Rev'd Mr. Haynon: But, the Diſtagce 
being conſiderable, and baving fo Reaſon to 
think the Maps I uſed were to be much depended 
on, I only flattered myſelf that I had reduced he 
2 Uncertainty about the true Longitude of the 
. Band into ſmaller Limits. „ 
3 The 1 thus bn was ret us 45 welt 
0 GREENWICH, or 24“ greater than che common 
Account; and, eſteeming it moſt certain of the 
two, I made 2 of it for comparing with the 
Longitudes which I inferred from my Obſervations 
of Diſtances of the Moon from ſeveral fixed Stars, 
with HapLey's Quadrant, near or in Sight of the 
SciLLy and Lizard Lights, in my Voyage from 


"Es Hr in 1762 „ Altho' it ade the greateſt 
N : e 


% 


f 


REECE 
Error, in the Longitude deduced from my Obſer- 
Vations appear more by 24/ than if I had uſed the 
common Longitude of theſe Places; the greateſt 

Error by the corrected Longitude being 31, 
which by the common Longitude would have 
been only 27/. But conſidering the Matter ſince, 
and particularly that the Longitude obſerved was 
leſs than the corrected Longitude in Three Nights 
Obſervations, and agreed with it only in a Fourth, 
I could not help ſuſpecting that I might have been 
led into a miſtake in ſtating the Longitude of the 
L1zarp and SciLLy Iſles too great from Mr. HA v: 
pox's Obſervation, owing to the Badneſs of the 
Maps which I made uſe of; and therefore wiſned 
that ſome good aſtronomical Obſervations might 
be made at the Lizard, in order to ſettle its 


= The Board of Longitude, to whom I propoſed 
pi | my Doubts, being ſenſible of the Importance of 
FW determining the Poſition of a Place of ſo much 
1 Conſequence in the BRITISH Navigation, reſolved 
= that the proper aſtronomical Obſervations ſhould 
be made at the LIZ ARD for that Purpoſe; and the 
late Tranſit of Venvs appeared a convenient Op- 
portunity, itſelf affording one of the beſt Means of 
determining the Longitude of Places and the 
Eclipſe of the Sun, which was to happen the 
Morning after, affording another Means of de- 
termining the Longitude not inferior to the 
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_— Accordingly Mr. Jonn Bxavity, Nephew of 
the late Dr. BRADLEVY, and formerly bis Aſſiſtant i 
at the Royal Obſervatory, now Second NOS 2 
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the Royal Academy at PogTSMOUTH, was ap- 


* 


pointed to make theſe Obſervations. The Inſtru- 
ments, which he was provided with, were an 
- Equal Altitude and Tranſit Inſtrument in one, an 
Aſtronomical Quadrant, and a Reflecting Teleſ- 
cope of Two Feet Focus, all made by Mr. Bix b 
and an Aftronomical Clock, with *a Gridiron 
Pendulum, made by Mr. SyzLToN ; and the Ob- 
ſervatory, in which they were placed, was a 
wooden one, formerly erected at PorTSMOUTH 
for Mr. BRADLEV's Uſe in making aftronomical 
Obſervations on account of the Trial of Mr, Har- 
R1SON'S Watch, and was now removed to the 
LizaRD on this Occaſion by Order of the Lords 
of the Admiralty. „ 


N 


1 


Mr. BRA DLE was lucky enough in the Courſe 
of 51 Days which he ſtaid at the LIZ ARD; viz. 
from May 13th to Jury zd, to make a great 
many Obſervations ; . viz, the Two Contacts of 
Venus at the Ingreſs; the Beginning and End of 
the Eclipſe of the Sun; Two Emerſions of the 
Firſt Satellite of Jupiter, One of the Second and 
One of the Third; Twelve Tranſits of the Moon 
over the Meridian; and Eleven Meridian Altitudes — 
of the Moon; beſides equal Altitudes for the. 
Going of the Clock, and Meridian Altitudes df 1 
the San and fixed Stars. All which, by their 

Number and Exactneſs, are fufficient to determine  _ 
both the Latitude and Longitude of the Place, not - 
only for its Uſe as a Headland, but perhaps nearer | 
than the Situations of many Places are known, 
Where aſtronomical Obſervations have been made 

for ſeveral Years. Mr. BxavLzy alſo made ſeve- 
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7 curious Bot ien of the Depremd of the 
1 of the Sea at various e a its 
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The Reſale op ſome bc the ; bales Obſerva- 
+ tions is here given, and the Veer ſhall be given at | 
e Opportunity. et 


By e e Alitades 67 1 Sun and Pole 
Ser 5 e at rhe Place i is 49,» 57' oy N. 


. * F "x , 


Trandit of Vrxus and bange of the Sov. 


| * Apparent - . ö N 
1769, 5 z Tune, | 5 
8 00 LY &: 500 5 4 External Contact of Vos 

f e Eye being 
RY. fixed on the Place. 
WE) Te, 8.2 25 Internal Contact of Venus, 
e ar RS ave "doubtful to 4 or 5% a Cloud 
having hid Venus fo long, 
Hoa at its going off, 2% after 
the Time ſet down, a Thread 


2 
bd; 


. 


3 | 15 17 5 | of Light appeared very di- 
„„ 5 ©, Rind between the Circum- 


ferences of the Sun and 
Venus. 
18, 14. 54 Begin. of the cage Both 
: > ee Sun.” 
s 19. 575 T7” ee ſame. 


Theſe Cerrationy were made with he Two- 
Ker Retiector, and the ; Maghllying Tower 120. 
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une 8, 5 20. 14” Em. iſt Sa 
1 a ” Jupiter had ae” 


2705 Jupiter; | 
een from 
. under the Clouds 185 when 
de ſaw the Satellite, yet he 
reckons the Obſervation good. 
Jane: 15. 11. 8 46 Em. iſt Sat, of Jup. There 
Was a thin Haze about Ju- 
„pier hue. the Obſervation 
| + precip wood. 

The ſame Teleſcope, but with che Mag ng 

Power of 100, was uſed for theſe Emerfi ons. 


„e the . San en Wen my own 
. at GREENWICH, making a ſmall Allowance 
for the Difference of Parallax at GEENWIen and 
the LIZ ARD in the Tranſit! of Venus, and in the 
Difference of Brightneſs of the Teleſcopes in the 
Emerſions of the 1ſt Satellite; I find the Dif- 
ference of Meridians of Se and the LI- 
*ZARD by the external Contact of Venus 20% 53 /. of 
Time; by the internal Contact 210. 17. by he Firſt 
Emerſion 2r'. 7”. and by the Second Emerſion 
21“. 52”, Till I have Time to compare the other 
Obſervations, I ſhall take 210. 0“ of Time = . 
'15/, of the Equator for the Difference of Longi- 
tude of the Lizarp welt of pain: which 
189 50 nearly with the common A. Ss 


Since making the above „ben 1 IN con- 
| fulted MarTin's Map of CornwaLrt, ſaid to be 
very exact, and find that the Difference of Longi- 


tude of LtESKEARD and the LIZ ARD by it ſhould be 


430. 61, which, added to 49. 410. 1 5”. the Longitude 
of LESKEARD,: ſhould give 3. 2. 21”, for the 


TY of the Lizazp deduced from Mr. Hay- 
DON's 
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ASTRONOMICAL and NAuTiCar EpurMenns: 
r may be proper firſt to premiſe, that all the Calculations 
are made according to apparent Time by tlie Meridian of 
the Royal Obſervatory at Greenwich. They are likewiſe 
adapted to apparent Noon, except Where they are otherwiſe 
diſtinguiſhed, as the Eclipſes and Configurations of Jupiter's 
Satellites, the Moon's Places, Cc, computed for Midnight, 
and the Diſtances of the Moon from the Sun and Stars for 
every third Hour; which are all computed to the apparent 
Times ſet down. „ ti VVV 
-Apparent Time is that deduced immediately from the Sun, 
whether from the Obſervation of his paſſing the Meridian, from 
his Altitude obſerved ata Diſtance from the Meridian, of from 
his obſerved Riſing or Setting. This Time is different from 
that ſhewn by Clocks and Watches well regulated at Land, 
which is called equated or mean Time, This will be ex- 
plained when we come to treat of the Equation of Time. 
The Day is here ſuppoſed, according to the Method of Aſ- 
tronomers, to begin at Noon, or 12 Hours later than the 
civil Day of the Denomination, and to be counted up to 
3 or the ſucceeding Noon, when the next Day begins. 
Thus the Day of the Month and the Hour of the Day are the 
| ſame in this Method as in the civil Account at Noen, and 
from Noon till Midnight; 38 from Midnight till gy | 
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: differ; for whereas in the civil Account a freſh Day is ſup 
poſed to begin at Midnight, and the Hours to begin ove? 


again, in this Method the Day is ſtill continued beyond Mid- 


night, and the Reckoning of the Hours is continued up to 24. 
Thus the Diſtances put down to January 10, 15 Hours, belong 


to January 11 at Three tn the Morning by civil Reckoning. 
There are 12 Pages for every Month. The firft Celumn of 


the firft Page of each Month contains the Day of the Month; 


the Second, the Day of the Week expreſſed conciſely by the 


- Mitial Letter or Letters, Su. ſtanding for Sunday, M. for 


Monday, Tu. for Tueſday, W. for Wednefday, Th. for 


- Thurſday, F. for Friday, and Sa. for Saturday: The third Co- 
lumn exhibits the Sundays and Feſtivals of the Church of Eng- 
land, and other remarkable Days: The laſt Column ſhews at 
Top the Moon's Phaſes, or the Times of new and full Moon, 


and of the firſt and laſt Quarter, or two Quadratures with the 
Sun: Beneath are contained miſcellaneous Phznomena, name» 


- IF, Eclipſes of the Sun and Moon, and Occultaticns of Planets 
Or fixed Stars not leſs than the fourth Magnitude, by the Moon, 


as they ſhould happen at Greenwich by the Tables; the Con- 
junctions of the Moon with all Stars not leſs than the fourth 

HJagnitude, which can be Occultations any Where on the 
Globe, between the Latitudes of 60. North and 40. South: 
The Conjunctions, Oppoſit ions and Quadratures of the ſuperior 
Planets with the Sun; and the Conjunctions and greateſt Elon- 
8 of the inferior Planets from the Sun, the Entrance of 

he Sun into the feveral Signs, and any other remarkable Phæ- 


nomena. 


The Stars are expreſſed by Bayer's Characters of Reference. 
The Conjunction of the Moon or a Planet with a Star, is 
denoted by prefixing the: Character of the Moon or Planet 
10 that o 
placed immediately after. The Caſe is the ſame with Reſpec 
to the Occultation of a Star or Planet by the Moon, only this is 
further diſtinguiſhed by the Addition of Im. or Immerſion, to 


| ignify the Diſappearance behind the Moon; and Em. or Emer- 
fon, to ſignify the Re- appearance of the ſame. Thus 8d % 
16. 22/, ligniſies that the Moon will be in Conjunction with 
the Star q Von the Eighth Day at 16b. 22/. excluſive of 
Parallax: And 10d. ) e I Imm. q 14. Em. 10b. 23 / ſigni- 


nes that the Moon will eclipſe 6 II on the 1oth Day, the 


F 
- 


Immerſion: being at gh I 40. and at 10", 2 37. apparent Time f 
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the Star, the Time of the Conjunction veing 


V a 
Tue Occultations ſet down are thofe only viſible at Greens 
wich; and the Circumſtances will not differ very widely in 
moſt Parts of the Kingdom; but in very dittant Places they 
will differ very much, owing to the Change of the Moon's 
Parallax, or it may become no-Occultation at all: The like 
may be faid of Helipſes of the SU ᷑ĩ?71 oo gs - 
f Eclipfes of the Sun, and Occultations of fixed Stars by the 
Moon, if obſerved in Places whoſe Latitude and” Longitude 
are well determined, may be applied to the Correction of 
the lunar Tables; but if made in Places whoſe Latitude only 
is well known, may be applied to the Determination of the 
Longitude of the Place; but for this Purpoſe an accurate Cal. 
culation muſt be made of the Moon's Parallaxes in Longitude. es 
and Latitude, which makes this Method of ſettling the 1 
tucdes of Places, though a very accurate one, leſs convenient 
in Uſe for Perſons not much verſed in aſtronomical Calcula- 
tions. However, this ought not to diſcourage Travellers or 
Mariners from endeavouring to make theſe Obſervations as 
often and as carefully as poſſible; when they thall happen to 
be at any Place whoſe Longitude they have Reaſon to think 
has not been at all or but indifferently determined; fince tht 
neceffary Calculations may be made at any Time/afterwards by 
themſelves, at leiſure, or referred to the Skill of Aſtronomers 
and" Mathematiciang,” © 8 1 
Eelipſes of the Moon are not liable to this Inconvenience; 
the Longitude of any Place, where an Eclipſe has been ob. 
ſerved, being deduced immediately by taking the Difference 
of the Time of the Obſervation and that ſet down in the 
Ephemeris, and converting it into Degrees, at the Rate of 
15 to One Hour, Sc. or more briefly by Table Pages 6. 7, 8. 
of the Tables requiſite to be uſed with the Ephemeris, But 
as the Beginning or Ending of an Eclipſe of the Moon cannot 
bee generally obſerved nearer than One Minute, and ſom@imes 
Jo or Three Minutes of Time, the Longitudes of Places can- | 
not be certainly determined by this Method from a ſingle 
Obſervation of the Beginning or End nearer than a Degree. 
It is unneceffary to mention that even this Point of Exactneſs 
will often be of great Service, If both the Beginning and 
End of the Eclipfe be obſerved, a canſiderably greater De- 


gree of Exactneſs will be attained. | 


The Conjunctions of the Moon with the Planets, or fixed 
Stars not leſs than the fourth Magnitude, which may prove 
Occultations in ſome inhabited Parts of the Globe, are exi- 
gently deſigned to infirut Mariners or Traveller to look out 


Ve, _” ——Tm_ 
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frequently for ſuch Obſervations; which if they happen tos 
0 ous 8 and are carefully obſerved, will afford 2 
. certain Means of determining the Longitude of the Place of 
The Days of the Oppoſitions, Quadratures, Sc. of the Pla- 
nets with Reſpect to the Sun, are Times at which they ought. 
to be obſerved in fixed Obſervatories, for ſettling the Elements 
of their Orbits by a Series of ſeveral Years Obſervations. 
The Two firſt Chime af the Secoyd Page of the Month 
contain the Day. of the Month and Week as before; next 
follow the Sun's Longitude, right Aſcenſion in Time, Decli- 
nation, and the Equation of Time, with the Difference from 
Day to Day. . — 5 ; N 3 „„ ES 225 
The Longitude of the Sun is made uſe of in moſt of the 
ſucceeding Calculations of the Ephemeris, and may ſerve 
either to verify them, or to make other ſimilar Calcula- 
tions at a different Time of the Day. Particularly. it may ſerve 
with the Help of the Moon's Longitude, to find the Diſtance 
of the Moon from the Sun at any Time, independent f the 
- Dittances contained in the Four laſt Pages of the Mon. h. To 
find the Sun's Longitude at any Time different from Noon, 
Proportion muſt be made N to its daily Increaſe: 
Saying as 240. is to the Hour from Noon reckoned by the Me- 
ridian of Greenwich, ſo is the daily Variation of the Sun's. 
- Longitude, to a fourth Number; which added to the Sun's 
_ Longitude at the preceding Noon, gives the true Longitude 
JJJJJJJJ%%%%ù ß ß al gn 
If the Time given be that of a Meridian different from 
Greenwich, it mutt be firſt reduced thereto,” by adding or 
ſubſtracting the Difference of Longitude turned into Time (at 
the Rate of One Hour tc 15e, and One Minute of Time to 
15 Minutes, or more briefly by Pages 6, 7, and 8, of the re- 
quite Tables) according as the Place is to the Welt or to 
the Eaſt of Greenwich. Example: Suppoſe any one ſhould 
want to know the Sun's Longitude, January 19, 1767, at 4*. 
$5 being in 21 15/, Longitude Eaſt of Greenwich. The 
ifference of Longitude turned into Time by Table Page 6, 
is 19,254 which ſubitracted from 4. 35% becauſe the Place 
is Eaſt of Greenwich, leaves 3b. 1o/, for the Time reduced to 
the Meridian of Greenwich. The Sun's Longitude the pre- 
_eeding-Noeon is, 9%. 299. 18/. 2//, and the following Noon is, 
10, 05. 196, 4//. the Difference is, 19, 1/. 2//, or 61/.2//, the daily 
Variation. Then ſay, as 2 4b. is to zh. 10/. ſo is 610 2// to 8, 3, 
which added to 9“. 299. 18“, 2“. the Sun's Longitude on the 
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pfeceding Noon, gives 9e. 297.26. 5// the Sun's Longitude at 


the Time given. In like Manner any other of the followiug 
Articles is to be found by the Help of the Ephemeris. 


of the fixed Stars and Planets. 


The Suns right Aſcenſion in Time is uſeful to the practi- 
cal Aftronomer in regular Obſervatories, who adjutts lis 
Clocks by fidereal Time. It is alſo uſeful to him for convert- 
ing apparent into ſidereal Time; as ſuppoſe that of an Eclipſe 
of} upiter's Satellites, in order to know at what Time it may 


be expected to happen by his Clocks: For this Purpole, the 


Sun's right Aſcenſion at the n Noon, together with 
Joon, muſt be added to 


the Increaſe of right Aſcenſion from No aded ti 
the apparent Time of the Phznomenon ſet down in the Ephe- 
mers... - - %%% | 

The Sun's right Aſcenſion in Time ſerves alſo to compute 


the apparent Time of a known Star's paſſing the Meridian: 
Thus ſubſtract the Sun's right Aſcenſion in Time at Noon 
from the Star's right Aſcenſion in Time, the Remainder is 


the apparent Time of the Star's paſſing the Meridian nearly; 
from which the proportional Part of the daily Increaſe of 
the Sun's right Aſcenſion for this apparent Time from Noon 


bei 1 leaves the correct Time of the Star's paſſing | 


the Meridian. „„ ; 

Hence the apparent Time may be found from an obſerved 

Altitude of a known fixed Star, ſuppoſe one contained Page 
a 2 ar 13 of the requiſite Tables; as will be explained here-. 

Alle, 

The Sun's right Aſcenſion in Time is alſo uſeful for com- 

puting the Time of the Moon and Planets paſſing the Meri- 

dian, as will be ſhewn under their proper Articles. DS - 

The Sun's Declination is neceſlary to find the Latitude, 


whether at Sea or Land, from the Meridian Altitude obſerved; 
it is allo requiſite for finding the Latitude from Two Altitudes 
obſerved with the Interval of Time meaſured by a Watch; 
it ſerves for computing the Sun's Azimuth, having his Alti- 
tude ard the Latitude of the Place g'ven, in order to find the 
Variation of the Compaſs; it is required jointly with the La- 
titude of the Place and the Sun's horary Angle to compute his 


Altitude, if negletted to be obſerved at the Time of taking the 


Moon's Diſtance from the Sun for finding the Longitude, being 


uſeful to facilitate the Calculation of the Effect of Refraction 5 


Parallax upon the Diſtance; it is alſo neceſſary to calculate the 
apparent Lime from an obſerved Altitude of the Sun at a Diſtance 


| 


1 


from the Meridian, the Latitude being given; or to compute 
the Time of the Sun's Setting or Riſing ; which, though a leſs 
SECURE Method than the former of obtaining the Time, may 
yet be uſeful when that cannot be had. For any of theſe Pur- 
poſes, the Sun's Declination mutt be found to the Time given 
nearly reduced to the Meridian of Greenwich, making Pro- 
portion according to the daily Increaſe or Decreafe, 5 like 
Ns: as was Ihewn with Refpecd to the Sun's Longitude. 
=_ The Equation of Time is a Correction, which added to or 
ws | ſubſtracted from the apparent Time (according to its Title at 
1 the Top of the Column) gives equated or mean Time, cr that 
which ſhould be ſhewn by a good Clock or Watch. Ap 
parent Time is that which takes its Beginning from the Paſſage 
of the Sun's Centre over the Meridian of any Place; and had 
the Sun no Motion in the Ecliptic, or was his Motion reduced 
to the Equator or in right Aſcenſion uniform, he would always 
return to the Meridian after equal Intervals of Time. But his 
apparent Motion in the Ecliptic being continually varying, 
and his Motion in right Aſcenſion being rendered further un- 
equal on Account of the Obliquity of the Ecliptic to the 
- Equator, from theſe Cauſes it arifes that the Intervals of his 
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Return to the Meridian become unequal, and the Sun will gra- 


dually come too flow or too ſoon to the Meridian for an 
equable Motion, ſuch as that of Clocks and Watches ought ' 


to be 


This Retardation or Acceleration of the Sun's coming to 
the Meridian is called the Equation of Time, and is contained 
in the laſt Column but One of Page 2d; and when applied 
according to its Title to the Apparent Time, or that deduced 
immediately from the Sun, gives the mean or equated Time, 
whence the Error. of a Clock or Watch may be found; 
and, if required, it may be correfted. ans 
If it is propoſed to convert mean Time into apparent, 
this is done by a contrary Proceſs, by applying the Equation 
of Time to the mean T ime given, with its Title or Sign 
changed; vis. ſubſtracting inftead of adding, and adding in- 


ſtead of ſubſtracting. 


The Equation of Time being fet down in the Ephemeris 
for the Noon at Greenwich, Proportion muſt be made accord- 
ing to the daily Difference, to find what it ſhould be at in) 


given Time reduced to the ſame Meridian, as in the preced- 


daily Differences of the Equation, is deſigned for this Purpoſe, 


ing Articles. The lait Column of this Page, containing the 


1 
4 


4 5 
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As often 1 'at it may be required to make any Calculations 


from aſtronomical Tables, and the Time given be apparent 


Time; it is neceſſary firſt to apply the Equation of Time 
thereto to convert it into mean Time, the Tables being dif- 


poſed according to mean Motions. - Thus the Articles con- 


tained in the Ephemeris anſwering to Noon were computed 


to ob. increaſed, or 24 Hours diminiſhed, by the Equation of 


Time: And the Moon's Places ſet down for Midnight were 
computed to 12h. increafed or diminithed by the Equation of 
Tims LT ga, 3% 8 
What has been ſhewn concerning the Equation of Time 
chiefly reſpects the Aſtronomer, the Mariner having litile 


to do with it in computing his Longitude from the Moon's 
Diſtances from the Sun and Stars obſerved at Sea with the 
Help of the Ephemexis, all the Calculations thereof being ad- 
apted to apparent Time, the ſame which he will obtain by 

the Altitudes of the Sun or Stars in the Manner hereafter 


preſcribed.” 7; 


But if Watches made upon Mr. John Harrifon's or other 


Equivalent Principles ſhould be brought into Uſe at Sea, the 


apparent Time deduced from an Altitude of the! Sun muſt 5e 
corrected by the Equation of Time, and the mean Time 


found compared with that ſhewn by the Watch, the Diffe- 
rence will be the Longitude' in Time from the -Meridian by 


which the Watch was fet; as near as the Going of the Watch” 
ean be depended upon. | | 


The Equation of Time was computed for the Ephemeris of | 


1767 from the Table, Page zd of Mayer's Tables; but 'orr - 


Account of that Table being made only to the neareſt Second 
without Decimals, and the Neglect of the fmall Equations of 
the Sun, the Calculations of that Article in the Year 1767, 
cannot always be depended upon nearer than Two Seconds. 
For the Year 1768 and the following Years it will be com- 


puted in the ſtrict Manner explained in my Remarks upon 


that Sub/eR, in the Philof. Tranfact. Vol. liv: P. 342 for the 


Year 1764; namely, by taking the Difference of the Suns 


true right Aſcenſion, and his mean Longitude corrected by - 


the Equation of the Equinoxes in right Aſcenſion, and turn- 


ing it into Time at the Rate of 1. to 157, Cc. The Equa- 


tion of Time will be additive or ſubſtractive as the Suns true 


right Aſcenſion is greater or lefs than his mean Longitude. - 
The Semidiameter of the Sun, Page zd, is neceſſary to re- 


of 


duce the obſerved Altitude of his upper or lower Limb to that 


— 


of the Centre; | | | 
Moon's neareſt Limb from the Sun's neareſt Limb to the Dif 
tance of the Centres. It is alſo uſeful to Aſtronomers ts 
verify or aſcertain the Exactneſs of the Scale of their Micro- 
meters, by Compariſon with the Meaſure of the Sun's hori- 
 2ontal Diameter. This Practice is particularly uſeful in folar 
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ſo to reduce the obſerved Diſtance of the 


Eelipfes, when the Diſtance of the Cuſps or the Verſe Sine 
of the uneclipſed Part has been meaſured with the Micro- 
meter. The Semidiameters of the gun in Mayer's. Tables, on 
which all the Calculations reſpecting the Sun and Moon are 


made, ſuppoſe the Semidiameter at the mean Diſtance to be 


162 2½, 8. which Mr. Mayer ſays he deduced from above 130 
Obſervations taken with his Six Foot mural Quadrant, which 


| ſeemed to him not ill adapted to the Purpoſe. It may not 


be amiſs to take this Opportunity to remark that the Qua- 
drant here mentioned was given to the Univerſity of Gottin- 
gen by his late Majefty, and was made by Mr. John Bird after 
the Model of the Eight Foot mural Arch, which he finiſhed 


for the Rcyal Obſervatory at Greenwich, and put up there in 
the Year 1750. Mr. Mayer made his Obſervations with his 
Six Foot mural Arch, from the. Year 1956, to the Time f 


his Deceaſe; with it he ſettled the mean Obliquity of the 
Ecliptic to the Beginning of the Year 1756, at 239. 28. 16//, * 


which Dr. Bradley ſettled by his Obſervations made in the 


— 


Years 1750 and 1751, at 239. 28. 18“/ The Difference is 
agreeable to what ought to ariſe from the gradual Diminution 


of the Obliquity of the Ecliptic at the Rate of about 4 a Se- 


cond in a Year. The ſame Inſtrument he alfo uſed in ſettling 
the Elements of his ſolar Tables; and it is moſt probable that 

with the fame he ſettled his Table of Refractions at the End 
of his ſolar Tables; the Agreement of this Table with Dr. 
Bradley's, ſee Page 2d of requiſite Tables, (being both ſuited - 

to the ſame Temperature of the Air) is ſo great, that they ſeem 
rather like One and the ſame than Two different Tables. 
The Time of the Sun's Semidiameter paſfing the Meridian, 


5 ſerves to reduce an Obſervation of a Tranſit of the preceding or 
ſubſequent Limb. over the Meridian to that of the Ceatre, when 


only One was obſerved, It ſignifies a Portion of apparent Time, 
or even mean Time, the Difference being abſolutely inſenſible 


upon ſo ſmall an Interval. It is found thus: Increafe the Sun's Se- 


midiameter in the Ratio of the Cofine of his Declination to the 


Radius, to find his Semidiameter in right Aſcenſion, which turned 
into Time at the Rate of 1. to 15/, and 1. to 15%. * the 
5 : „„ ime 


As Fe 


Time required. The Sun's Semidiameter in right Afcenfion © 
is readily found by adding the Log; Coſine of his Declina- 
tion to the logiſtic Tai of his Semidiameter, the Sum - 
is the logific Logarthm of his Semidiameter. in right Aſcen- 
ſion; which divided by 15 gives the Time of his Semidiameter 
paſſing the Meridian. If the Clock by which the Obſervation 
18 8 be regulated according to fidereal Time, this Quantity 
muit be increaſed in the Ratio of 365 to 366, if great Preci- 
From the Time of the Sun's Semidiameter paſſing the Meri- 
dian may be alſo found the Time of its paſſing the horizontal 


; 3 


or vertical Wire of a Quadrant or Sextant, which on ſome 
Occaſions may have its Uſe.—The hourly Motion of the 


Sun is uſeful in dey Fats, and Iunar Eclipſes; alſo in 
correcting the aſſumed Longitude of the Ship, in order to 
find the Time from an Obſervation of the Diſtance of the 
Moon from the Sun, independant of the Diſtances contained 
in the nautical Ephemeris; See Britiſh Mariners Guide, Page 
40, and Table at the End of the ſame, Page 25, which is 
alſo copied at Page 14 of requiſite Tables. The Logarithm 
of the Sun's Diſtance is uſeful in the Calculation of the 
Places of the Planets and Comets. The Place of the Moons 


| Node ſignifies its mean Longitude, and is neceſſary for ind. 


ing the Equation of the equinoctial Points both in Longitude © 


and right Aſcenſion, the Equation. of the Obliquity of the _ 


Ecliptie, and the Deviations of the fixed Stars in right Af- 
cenfion and Declination. - . „ ù de i 
The Eclipſes of Jupiter's Satellites are well known to afford 
the readieſt, and for general Practice the beſt Method of 
ſettling the Longitudes of Places at Land; and it is by their 
Means principally that Geography has been ſo much reformed 
within a Century paſt, and the Poſition of the moit diſtant 
Places determined to equal Accuracy with the neareſt. It Was 
hoped that ſome Means mg. be found of ufing proper Tele- 
ſcopes on Shipboard to obſerve theſe Eclipſes, and could this 
be effected, it would be of great Service in aſcertaining the 
Longitude of a Ship from Time to Time. In my Voyage to 
Barbadoes under the Direction of the Commiſſioners. of . 


itude, I made a full Trial of the late Mr. Irwin's Marine 


hair propoſed for this Purpoſe, but found jt totally imprac- 


ticable to derive any Advantage from the Uſe of it; and, 


cConſidering the great Power requiſite in a Teleſcope for mak- 
ing theſe Obſervations well, and the Violence as well as 
1 | EE Io Irxregularities 


L. 


* 


* 


grable as refleQing Teleſcopes, and perforin as much as thoſe 


{ 154 


Irrezulrities. gf the Motion of à Ship, 1 im afraid tle 


complete Management of a Teleſcope on Shipboard will al- 
ways remain among the Defiderata, However, I would not 


be underſtood to mean to difcourage. 1 55 tempt founded 
u 


upon 8870 Principles to get over this Di 
The Te 


eſcopes proper for obſerving the Eclipſes of Jupi- 


ter? Satellites, ate common refratting Telefcopes, from 15 to 


- 20 Feet, reflecting Teleſcopes of 19 Inches or Two Feet, and 


Teleſcopes of Mr. Dollond's Conftruttion with Two Object 
Glaſſes from Five to 10 Feet ; or, which are ſtill more Con- 


venient, thoſe of 34 Feet, which he has lately found a Method 


of conſtructing with Three Object Glaſſes, which are as mana- 


py "© . — 7 


* 


The Eclipſes 


* 
— 


o 


* 
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' which he makes 4 10 Feet with Two Object Glaſſes. 
Jupiters Satellites are obſerved by Aﬀerono- | 


merz at Land, 4s well in order to provide Materials for 
improving the Theories and Tables of their Motions, as for 
the ſake of Compariſon with the corteſponding Obſervations 
which may be m ent 


certained. Ft is indeed to be lamented that Perfons who vifit 


_ © diftant Cobntries are not more IT to multiply Obferva- 
_ Lions of d, for want of Which, the Obfervations made 
by Aﬀronomers on Shore loſe Half their Uſe, and the Improve- 


tions of this Kind, for want of Wh 


ment of Ge6graphy ſeems to be at a Stand. But it is to be 


| hoped that àn Enwvlation will fpring up among thofe who. 
may have Opportunities of rendering ſo uſeful a Service to 


the Public, to incite them to watch lligently for the Occa- 


fions of obſerving thefe Eclipſes Fs particularly of the 


Firſt and Second, which are Teſt &xaftfor the Putpofe. I 

Eclipfes carefully calculated and ſet down in the Ephemeris, 
will ſerve to advettife them and Obſeivers in 'gefferal of the 
Times when they ſhould attend to theſe Obſervations, © The 
Perſon who fill be under any Meridian different from'Green- 


wich, muſt turn his Difference of Longitude into Time: See 


Table Taye, NE And 8, and add it to or ſubſtract it from 


the Time 


Eclipſe ſet down in the Ephemeris, according 


_ as he is to the Eaft or Weſt of Greenwich, to find the apparent 


s well in order to appriſe him of the Time to Jook out for 


Time at which, the Eclipſe will happen at his Meridian, 
nearly. He muſt further take care to regulate his Watch or 


Clock by apparent Time, or at leaſt to knew the Difference, 


the 


* 
* 


8 made by Perſons in different Parts of the Globe, 
whereby the Longiti de of ſuch Places will be accurately aſ- 


— 


1 8 
the Eclipſe, as for aſcertaining the apparent Time exactly 
at which he ſhall obſerve. it, Equal Attitudes of the Sun or 
Stars taken. with an aftronomical Quadrant afford the beſt 
Mgans of regulating Clocks and Watches for occaſional Obfer- 
_ vations; or they may be taken with a Hadleys Quadrant, . 
by Reflection from a Baſon of Water or Quickfilver, or from 
the Horizon of the Sea, if the Obſeryer has an apen Proſpect, _ 
and is not elevated above 5 or 600 Feet above the Level of 
the Sea. But, if Opportunity does not admit of taking equal 
Altitudes, the Time may be determined from One Altitude 
taken in any of the Methods above mentioned, at leaſt Two 
or Three Points of the Compaſs diftant from the Meridian, 
but the nearer to the Eaſt or Weſt the better, the Latitude 
of the Place being known, or being found by Obſervations 
of the Meridian Altitude of the Sun or Stars made on Purpoſe. 


4 


It will be better to take ſeveral Altitudes in order to take a 
Mean of the Reſults for greater Certainty. The Manner of 
computing the apparent Time from the Altitude of the Sun 


or a Star, will be obſerved when we come to treat of the 


Method of finding the Longitude by the Obſeryations of the 


the Ephemeris. | TIO ITY. KT | 


The Obſeryer being in 2 Place whoſe Longitude is well 


known, ſhould be ſettled at his Teleſcope Three Minutes be- 


fore the expected Time of an Immerſion of the firſt Satellite; 
Six or Eight Minutes before that of the ſecond and third Sa- 
tellites; and a Quarter of an Hour or more before that of the - ' . 
fourth Satellite; chiefly on Account of the Uncertainty of their 
Theories; but, if the Longitude of the Place is very uncer- 
tain, he muſt begin to look out for the Eclipſe proportion- 
ably ſooner: Thus if the Longitude of the Place is uncertain - - 
to zo Degrees, e e to 12 Minutes of Time, he ought 
to fix himſelf to his Teleſcope 12 Minutes ſooner than is men- 
tioned above. Nevertheleſs when he has obſerved One Eg- 
lipſe of any Satellite, and thereby found the Error of the 
Tables, he may allow the ſame Correctſon to the Calcula- 
tions of the Ephemeris for ſeveral Months, Which will adver- 
_ tiſe him very nearly of the Time of expecting the Eclipſes of 
the ſame Satellite, and diſpenfe with his attending ſo long 
The Immerſions ſignify the Inſtant of the Diſappearance of 
the Satellite by entering into the Shadow of Jupiter; and the 


Emerſions fignify the fixtt Inſtant of its Appearanc 


+ 5 : : N | Y | ; 


1 


ng out of the fame. They 8 happen when the Satcl- 


lite is at ſome Diſtance 


rom ' the of Jupiter, except 
near the Oppoſition of Jupiter to the Sun, when the Satel- 

lite approaches nearer to his Body. Before the Oppoſition of 
Jupiter to the Sun the Immerſions and Emerſions happen 
on the Weſt Side of jupiter, and after the Oppoſition on the 
Eaſt Side; but if an aſtronomical Teleſcope be uſed, which 


reverſes Objects, the Appearances will be directly the con- 


- Ephemeris are thoſe viſible at Greenwich. 


trary. Before the Oppoſition, the Immerſions only of the 
firſt Satellite are viſible; and after the Oppoſition, the Emer- 


ſions only. The ſame is generally the Caſe with reſpect to 
the ſecond Satellite; both the Phenomena of the fame Eclipſe 


are frequently obſerveable in the Two outer Satellites. The 
Immerſions and Emerſions marked with an Aſteriſk in the 
To know if an Eclipſe will be viſible in any Place, find if 
8 is 80, or 109. above the Horizon of the Place, and the 
un_as much below it. This may be done near enough by a. 


_ . celefffal Globe: Otherwife, the Time of the Sun's Riſing and 


Setting may be found for any Latitude by a Table of ſemi- 


_ diurnal: Arcs, contained in the popular Book called the Ma- 


riner's Compaſs Rectified, and many other Books; the Time 


of Jupiter's Rifing and Setting may alſo be found from the 
Time of his paſſing the Meridian and Declination ſet down 
in the Ephemeris, with the Help of the ſame Table of ſemi- 
- Ejurnal Arcs; adding or ſubſtracting the ſemidiurnal Arc 


anſwering to the ſame Declination of the Sun: Remembering 


always that if Jnpiter's Declination and the Latitude of the 
Place are of the fame Denomination, the ſemidiurnal Arc 


will be more than Six Hours, and. if they are of contrary De- 
nominations, it will be leſs than Six Hours. : 
The Immerſion or Emerſion of any Satellite being carefully 


obſerved in any Place according to apparent Time, the Lon- 


itude from Greenwich is found immediately by taking the 


| Difference of the Obſervation from the correſponding Time 


ſhewn in the Ephemeris, which muſt be turned into Degrees,- 


* 
N 


_- ofthe Ephemeris. 


* 


4 


Sc. by Table Page 5, 7, and 8; and will be Eaft or Weſt ot 
Greenwich, as the Time obſerved is more or leſs than that 


8 


Example: Suppoſe an Emerſion of the firſt Satellite ſhould 5 


be obſerved at the Cape of Good-Hope, May 9, 1767, at 


fo. 46, 45/1. apparent Time: The Time by the Ephemeris 


being 


oor 
being 99. 22/. 12/1, the Difference is 10. 137. 24. whence by ” 
. able Page, 6, 7, and 8, the Longitude cf the Cape ſhould 
be 189. 23/ 15//. Eaſt of Greenwich, becauſe the Time ſup- 
poſed to be obſerved at the Cape is more than that of the 
Ephemeris. 8 : | V 
It may not be uſeleſs here to obſerve that the Longitude 
of the Cape of Good Hope 1*. 13/. 33//==189, 23“. 15%. ſet 
down in the Biitiſn Mariners Guide, is that of the Town; the 
Latitude alſo belongs to the ſame; being both determined 
from the Obſervations of Meſſrs. Maſon and Dixon, who went 
thither under the Direction of the Royal Society, and obſerved 
the Tranſit of Venus in the Year 1561. Hence, by the Help of 
the Charts, I find the Longitude of the Cape Point or Fro- 
montory 189. 45', Eaft of Greenwich, and its Latitude 
49. 30“. S. the Longitude of Cape Falfo, 199. 15”. E. and its 
Lande 349. 34/ 8. If theſe Determinations of the Situa- 
tions of the Cape Point and Cape Falſo are in any reſpect 
uncertain, it ariſes from the Imperfection of the Charts I 
was obliged to make uſe of, in reducing the Longitude and 
Latitude from the Cape Town to the Two mentioned Points: 
For from the near Agreement of the Abbee de la Caille's Obſer- 
vations with'thoſe cf Meſſrs. Mafon arid Dixon, it is probable 
_ that the Situation of few Places is better determined than that 
of the Cape Town: But if any one has Poſſeſſion of any 
Manuſcript or printed Charts of theſe Parts that he thinks 
may be depended upon, or has any Opportunity of deter- 
mining the Points in Queſtion relatively to each other from 
the Compariſon of ſeveral Journals of Ships, he may perhaps 
fix theſe Places with more Certainty than is here pretended 
TOs: 5 | 5 RE 
It is to be obſerved that a correfpondent Obſervation of an 
Eclipſe of a Satellite of Jupiter, made under a well known 
Meridian, is to be preferred to the Calculations of the Ephe- 
meris for comparing with an Obſervation made in a Meridian 
whoſe Longitude is required; but if no correſponding Obſer- 
vation -can be obtained, as is frequently the Caſe, it will be 
beſt to find what Correction the Calculations of the Ephe- 
meris require by the, neareſt Obſervations to the given Time 
that can be obtained; which Correction applied to the Cal- 
_ culation of the given Eclipſe in the Ephemeris, renders it 
almoſt equivalent to an actual Obſervation. ' FE Bs 
The Longitudes and Latitudes of the Planets, Page 4, 
ſerve to know where to lopk for them in the Heavens, and 
| - when 


when their Places may be conveniently ſettled by comparing 
them with fixed Stars by the Help of a Micrometer in a Tele- 
ſcope. - They alſo ſhew when they are in the moſt important 
Points of their Orbits, where it is moſt material to obferve - 
them. They alfo ſerve to enable Perſons leſs ſkilled to diſ- 
tinguiſn them from the fixed Stars. Their Declinations and 
apparent Time of paſſing the Meridian are particulary uſeful. 
to Aſtronomers: who. are furniſhed with Quadrants and Tranſit 
Inſtruments well fixed in the Meridian, in ſetting their In- 
ſtruments for obſerving their right Aſcenſions and Declinations, 
The apparent Time of a Planet's paſſing the Meridian may 
be computed thus; the Planet's right e being calcu- 
lated from its Longitude and Latitude, and turned into Time, 
ſubſtract the Sun's right Aſcenſion at Neon in Time from it, 
to find the Tame of the Planet's paſſing the Meridian nearly, 
which call T; take the Diſſerence of the © and Planets daily 
Variations iff right Aſcenſion in Time; if the Planet is pro- 
greſſiwe in right Aſcenſion, or the Sum if it is retrograde, which 
call X; then ſay, by the Rule of Proportion; Te 
As 24h - Y X: T:: X: e and TH will be the correct Time 
of the Planet's paſſing the Meridian. The upper Signs are to 
de uſed both to X and e if the Planet's progreſſive Motion in 
right Aſcenſion be greater than that of the Sun; in any other 
Cafe the lower Signs are to be made uſe f. 
But perhaps it may be found more readily by continual 
Approximation as follows: Take the proportional Part of tie 
Difterence or Sum of the © and Planet's daily Mo'jon in 
right Aſcenſion, anſwering to the Time of the Planet's paſſing 
the Meridian; found nearly, in Proportion to 24*. and take a 
further like proportional Part of this proportional Part ; and 
again of this laſt, and ſo on as far as is neceſſary. The Sum 
of all theſe proportional Parts added to the Time of the Pla- 
net's paſſing the Meridian found nearly, if the Planet's pro- 
greſſive Motion in right Aſcenſion is greater than that of the 
Sun, otherwiſe ſubſtracted, gives the apparent Time of the 
Planet's paſſing the Meridian. $6 2 8 
Example: Let it be required to find the Time of the 
Moon's paſſing the Meridian, July 1 4767. 
Ide Sun's right Aſcenſion in Time July 1ſt is, 60. 400. 25//. 
and July 2d, G. 4. 53/7. by the Ephemeris. Therefore his 
daily Motion in right Aſcenſion is 4.,8/. The Moon's right 
Aſcenſion July iſt at Noon by the Ephemeris, is 1599. 2/. an- 
ſpeting to 10b. 36“. 8, of Time, and July 2d is, 1699, ee | 


„ „ 8 
twering to 10d. 19), 369, The Difference is, 42“. 28 ,, of Time, 
from which /. $//. being ſubſtracted leaves 38. 2o#, Subſtract᷑ 
6h, 4o/ 257. tie Sun's right Aſcenſion July 1ft, at Noon from 
ob. 36.99, the Moon's right Afcenfion the fame Noon, the 
Remainder zu. 77 43”. is the Approximate Time of the 
he M 


| Moon's paiſing! eridian. The proportional Part of 36% 20% 


anſwering to this, is 6”. 1% and the proportional Part of 6% x7”. 
189%; therefore 6. 17 and gf or &. 26 added to 3”. 557. 


43% give 48. 27, off, the apparent Time cf the Moon's 
: paſſing the Meridian. In the Kphemeti it 14>. 2. It ma 
| alſo be. computed, by taking the Difference of the, outs 

right Aſcenſions at 


And if the Moon paffed the Meridian after Midnight, the 
Sun's right Aſcenſion at Midnight muſt be uſed, which is a 
Mean between his right Aſcenſions on the preceding and fub- 
ſequent Noon. For the Planet's, it will be ſufficient to take the 
fl roportional Part on. EO CR 
I The Configurations of Jupiter's Satellites, Page 5, Exhibit the 
apparent Poſitions of the Satellites with reſpect to each other, 
And to Jupiter at ſuch an Hour of the Evening or Night as 
they are moſt likely to be obſerved, and ſerve to diftinguiſh 
the Satellites from one another. Jupiter is diſtinguiſhed by 
the Mark ©, and the Sitellites by Points with Figures an- 
nexed, the Figure 1 ſignifying the Ren Satellite, 2 ce fecond 
Satellite, Sc. When the Satellite is approaching Towards 
Jupiter, the Figure is put between Jupiter and the Point; 
and when the Satellite is receding from jupiter, the Figure 1s 
put on the other Side of the Point. The Satellites are in 
the ſuperior Parts of their Orbits, or fartheſt from the Earth, 
when they are marked ito tlie Tight Hand or Weft of Jupi- 
ter een him; or to the left Hand or Eaft of Jupiter 
I 


ng from him; but are in the inferior Part of their Orbits, 


or neareſt to the Earth, when they are marked to the right 

Hand or Weſt of Jupiter feceding from him, or to the leſt or 
FEaſt of Jupiter approaching him. The Cypher © ſometimes 
annexed to the Figure of the Satellite. towards the Margin, 
 «lignifies that it is inviſible on the Face of jupiter; and the 
black Matrk 's, fignifies that it is inviſible, being eclipſed in 
Jupiter's Shadow, or behind Jupiter, and eclipſed by his Y A 
Ihe 7th and 75; following Pages of each Month contain fe 


| Moon's Place, and all the Circumſtances relating to her Mo- 


"Hons, 


: oon and Midnight, but then half the 
- Sun's daily Variation in right Aſcenſion muſt be made uſe of, 
and Proportion muſt be made for 12 inſtead of 2x Hons: 


* P 


tions, and her Diſtances from the Sun and popes Stars, frog? 


which her Diſtance ſhould be obſerved for finding the Longi- 


© _._ tude at Sea. The Longitudes, Latitudes, and Declinations of 
the Moon, and Time of her paſſing the Meridian, afford the 


like Uſes with the ſame Circumſtances of the Planetary Mo- 
tions, and many more beſides. For the fake of greater Preci- 
ſion, the Moon's Longitnde, Latitude, Right Aſcenſion, Decli- 


i 


nation,  Semidiameter, horizontal Parallax, with its 1 78 


ot proportional Logarithm, are computed twice a Day, to Noon 
and Midnight, and may readily be inferred 
_ diate Time with the greateſt Exactneſs. a 


to any interme - 
Example: Let it be required to find the Moon's Longitude 
and Latitude, Sc. July 15, 1767, at 16®, 22/ 161. Firſt to 
find the Longitude, The Moon's Longitude, July 16, at 12. 
is 0. 69. 400. 25%. and July 17 at Noon, o“. 130. 4% 48. 
the Difference 78. /. 23/.. is the Moons Motion in 12 Hours; 
ſay then, by the Rule of Proportion, | the oo 
As 12), is to 4*. 22/. 16/7. (che Exceſs of 16. 220. 16/7. above 
42%) o is . 3 to 29. 35/. 41/. which added to 
. 69. 40/. 25/7. the Moon's Longitude at 12. gives os. 99. 
16/, 6%, the Moon's Longitude nearly; but this muſt be cor- 
rected on Account of the Moon's unequal Motion in 12 
Hours, by Page 11 of requiſite Tables; for this Purpoſe take 
cout of the Ephemeris the Two Longitudes of the Moon next 
preceding the given Time, and the Longitudes immediately 
Allowing it, and ſet them down in Order one aſter another, as 


follows. N 
c oo i 12d. Diff. 
„ 8. Noon 11. 29. 29. 34. , EW 4, 


Midnight o. 6. 40. 58.7 *? boys 3. 28. 
1, Noon 0.13. 47. 24. 775 3. 44. 
Midnight 0. 20. 5 1. 2.7) 339. 


Take their Differences, 7. 10. 51. 5. 4. 23. 7%. 31. 39/. 
take the Differences of theſe Differences, or the 2d Differences, 
2 0 3/. 44%. and take their Mean which is 3/. 36”. Now look 
for the Correction in Page 11 of requiſite Tables anſwering 
to 4. 22/ after Midnight, found on the Side, and 3“ 36 “/ at 
Top, 21“ will be found under 3“. and 28 /n under 4/. the 

the Difference is /. whence 36% will require 4//, and the 


Correction ſought is 21//+4//=25;/7, which, according to 


the Remark at the Bottom of the Table, muſt be added (be- 
8 5 a | | cauſe 


TS 


(161 ] 


cauſe the Motion in 12 Hours or firſt Differences are decreafs 


ing to 0% 90. 16/. 6/7. the Moon's Longitude found by Even 
Proportion; whence the Moon's true Longitude is 08, 99. 167: 


31//, and is as correct as the Longitudes from which it is de- 


duced. 


N. B. If the firſt Differences of the Four Longitudes of the 


Moon taken out firft increaſè and then decreaſe, or, vice 
verſa, firſt decreaſe and then increaſe; take half the Differ- 
ence of the Two ſecond Differences for the Mean ſecond Dif- 

ferencc, with which take the Correction from Page 11, and 
add or ſubftraR it as the 1ſt. firſt Difference is greater or leſs 
than the third firſt Difference. | 


| To find the Moon's Latitude. Take out of the Ephemeris the : 


Two Latitudes preceding and Two following the given Time, 

and ſet them down in Gern and take their firſt and ſecond 
Differences, and the mean of the Two ſecond Differences; find 
the proportional Part of the Middle firſt Difference anſwering to 
the Hours and Minutes, Sc. of the given Time after Noon of 
Midnight; which correct in the following Manner: Entering 
Table Page 11 witk the Hour from Noon or Midnight on 


the Side, and the mean ſecond Difference at Top, take out 


the correſponding Number of Seconds, which added to or 
ſubſtracted from the proportional Part found above, according 
as the Motion in 12 Hours or firſt Differences are decreaſing 
or increaſing ; or, more generally, according as iſt firſt Dif- 
ference is greater or lefs than third firft Difference, gives the 


Proportional Part corrected; which now added to or ſub- 
ſtracted from the Moon's Latitude at the preceding Noon or 


Midnight, as the Latitude in theſe 12 Hours is increafing or 
_ decreaſing, gives the Mcon's Latitude correct. 155 
Example: The Moon's Latitude is required, July 16, 16. 
- v'sLat.by | _ | | - (Meanof 
the Ephem. |1f Dif. zd Dif.]24 Dif. 

i „„ „ . 
July 16, Noon 4 1 10 N op ( #& #4 
Mljdnight 4 49 36 15 5 4 

| 17 Noon 5 3 26 3 5 444 44 
Midnight; b 3: AE SFO 


22 ere 


r 
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3 . + ts 2. 
be Moon's Latitude uly 16 at Midnight tals 4. Fs ; 
x 60. N. and the Ne the next 12 . oll,. 
by Proportion; _  _.. 

wes fits is to 4b. 22). 15/1. ſois 137. 50%. toc! 2/1; bu tthis 
muſt be corrected by adding 33/7. the Corxectigi fror age 
11, anſwering to the Hour 4*: 220, and the Mean 42544 
Difference 4/.40/!, becauſe the firit Differences are  decreafing, 
or rather becauſe the firſt of them 187. 26/”. is greater, than 
the laſt of them 9/. 6/7. therefore the proportional art 
corrected is 5/7. 2/7, +3311=5t. 35 %ͤ „which added to 4 
497. 36/7. RY 42. 550 11%. N. the Moons Latitude cor- 
ee 
| Remarks on ſome Circumſtances. 3 to be attended | 
to, in order to obtain and apply the, Correction of ſecond 55 i 
ferences rightly in computing the Moon's Latitu 1 | 
I, If the Moon's. Latitude taken out of, the *phenn is fo 
Noon and Midnight changes its, Denomination from orth - 
South or from South to x N the Sum, of. the Two Latitudes 
of contrary Denominations, where the Ch — happens, is to 
be accounted: the firſt Difference in that, Pla * 
IL. If the Three fi Ditferences.. firſt, 3 and 117 c N | 

creaſe, or vice verſa, : ft decreafe and then increaſe, alf "2 
Difference of the Two ſecond Differences is to be taken for 
the mean ſecond Difference. | 

III. If the Series of Four 1 taken out ould firft in ins 
creaſe. and then decreaſe abppt the Moon's 8. cateſt Latitudes, 
take the Sum of the Two firſt Differences ding on each 
Side of the greateſt Latitude for the ſecond Die i 1 that 
Place; correct the Moon's Latitude at 4 Noop: OT bythe 
- ſimple proportional Part firft, found; and to, the ee 
corrected, add always in this Caſe the Correction from Ta 
Page 11, anfwering to the Mean of the Two ſecond DE 
ſerencks. 

Before I quit this Subjet᷑t 4 ere by ſecond Dif- 
- ferences, - I hall point out. Another Method, by which the 
ſame End may be b tained, more readily, and with fewer 
Reales, by thoſe who are well ac ainted with algebraical, Sub- 
action and Adgition, arti the Manner of ap plying the Signs 
in thoſe Operations SubttraR each Latitude from the fol- 
lowing f or the firſt Diff ifferences, to which $a he Sign — if 


tie Latitudes decreaſe; and ſubſtract each fi . 
Thus found, from the followiug one of the ſame Order for the 
ſecond Dittereuces, Half the Sum of the Two ſecond Dif- 

1 


im 


heſe 91 er 
| pplied as in 
5 Jt, if the Four 


1 


is 'to be account 
Sale correſponding to it b 
MI always \ with. "the whe ps Sign. 


ons 
algebraic”. Sib 


1 


ſtanding on. each Side of FS Interval to be interpo- 


the mean ſecond Difference; ;: the 


„% ay * 


by Table Page” T1, is to de 


rformed, 0 the Signs to be 


ction and Addition. 
given Latitudes change their Denomina- 


Note 


tion, call the ſecond  Latitude-Þ, , and thoſe of a  coltrary De- 


- nomination —. 


The Moon's Declination may be found 


fan 


Manner as ber Latitude; 


but as th 


0 


t any Hove in the - 
Correaion arifing 


from ſecond Differences will never exceed '22/, this may be 
neglected on moſt Occafions : but if any oneis ; defirous to ob- 
tain the Declination true to a Minute, the Correction iseaſily 


_ applied, as ſh 
The other 


above. 
ticles of Page 7, and 8, vis. the Moon's right 


Aſcenſion, her. Semidiameter, forizontal' Parallax, with its 
' Logarithm, and the Diftances contained in the Four laſt Pages 
of the Month, may be all found correctly by even Propor- 
tion, without requiring any Allowance on Account of ſecond 
Differences. The proportional Part of the Moon's . ag 


Oc. for any Hour, may be found very readily by the 


elp of 


_ the Table of proportional Logarithms at the End of the requiſite 
T ables : For EN conſult the Explanation of thoſe Tables. 


The 


Moon's Longitude and Latitude are uſed in computin 


5 her Diſtances from the Sun and Stars contained in the Four'la 
Pages of the Month, as well as in the 1 5 to Stars pointed 


Cut in Page I, and, jointly. with her 


arallax and Semidia- 


meter, are neceflary for computing the Eelipſes of the Sun 


d Moon, and the Occultations of fixed Stars and Planets by 


the Moon. They alſo facilitate the Calculation of the Lon- 


 gitude, of any Place frem an Eclipſe of the Sun, or an Oc- 


T Cultation of a Star or Planet by t 


ie Moon obſerved © Or, if 


the Meridian be well known, the Parallax and Gemidinnictes 
"ſerve to deduce the Moon's true Place i in the Heavens from the 


"Obſervation, which compared with that given by the Ephemeris 


 fhews the Error of the Tables, whatever it be at that Time. 
The Moon's Semidiameter and Parallax are applied in corect- 
ing almoſt all Obſervations of the Moon. 


The logi 
_ garithms of the Moon's Parallax, ſerve further to facilitate 


ſtie Lo- 


the Calculations of Parallaxes, but "if the Table of proportional 


Logarithms at the, End of the 12 F Tables be made —_ 


of, which will be moſt convenient; the conſtant Quantity 
0.4771 muſt be added to the logiſtic Logarithms of the 
Moon's horizontal Parallax contained in the Ephemeris of 
1767, to reduce them to proportional Logarithms. It will be 
more convenient to ſubititure proportional Logarithms of the 
_ Moon's Parallax. inſtead of the logiſtic Logarithms in a fu- 
, on EG %%% eu 
The Moon's right Aſcenſion and Declination are uſeful to 
compute her Altitude at any Time, particularly at the Ob- 


ſervatiqn of her Diftance from the Sun or a Star, ſuppoſing. it 


was neglected to be or could not be obſerved properly; which 
latter Caſe may ſometimes happen in the Night, though I 
think but rarely ; the utmoſt Accuracy not Heng required 
for. the Calculations of Refraction and Parallax. See Britiſh 
Mariner's Guide. Page 57. The Moon's Declination, with her 
Semidiameter and Parallax, ſerve for finding the Latitude by 
the Meridian Altitude of her upper or lower Limb obſerved 
at Sea. See Britiſh Mariner's Guide, Page 93. The Moon's 
right Aſcenſion and Declination ſerve alfo to compute the 
Time from her Altitude obſerved at the Obſervation of her 
Diftance from a Star; whence the Longitude may be inferred, 
though no Altitude of the Sun or a En was taken for re- 
gulating the Time, See Britiſh Mariner's Guide, Page 61. 
The Diſtances of the Moon from the Sun and fixed Stars, 
- contained in the Four laſt Pages of the Month, are ſet down 
to every Three Hours of Apparent Time by the Meridian 
of Greemvich, and are deſigned to relieve the Mariner from 
the Neceſſity of a Calculation, which he might think prolix 
and troubleſome, and to enable him, when compared with 
the ſame Diſtances obſerved carefully at Sea, to infer his Lon, 
gitude readily and with little Danger of Miſtake to a De- 
gree of Exactneſs that may be thought ſufficient for moſt 
nautical Purpcſes. But uſefyl and valuable as the Practice 
of this Method may be at preſent, it is a Remark not un- 
worthy our Notice, that there is Room to hope, by future Im- 
provements of the lunar Tables, and the Introduction of 


a more accurate Method of conſtructing Inſtruments, it may 


be carried to a much higher Degree of Perfectian. 

The Moon's Diſtance are computed both fram the Sun 
and proper Stars, and generally from One Object on each 
Side of her, to afford the Mariner a greater Number of 
Opportunities of Obſeryation, and a Means of attaining a 
greater Degree of Exactneſs. The Diſtances from the Sun 


„„ © 
are computed between 4% and 1209 of Diſtance. While 
the Moon is between the Diſtances of 20? and 400 from the 
Sun, her Diftance is computed only from a Star on the con- 
trary Side that the Sun is. When ſhe is between the Diſ- 
tances of 40 and 9oꝰ from the Sun, her Diſtance is com- 
puted both from the Sun and from à Star on the contrary 
_ Side to the Sun; when the Moon is above go? from the Sun 
her Diſtance is computed from Two Stars, one on each Side 
of her; though ſtill her Diſtance is computed alſo from the 
Sun from 90? to 1209. Though the Diftance of the Moon 
from the Sun or Star, well obſerved with a good Inſtrument, 
s ſufficient to determine the Longitude, with the Help of the 
Ephemeris, always within a Degree, and generally much 
nearer, yet it will conduce to ſtill greater Accuracy, if the 
Obſerver takes the Diſtance of the Moon from Two Stars, or- 
the Sun and a Star, or, when the Moon is between go and 
' 1209 Diſtance from the Sun, from the Sun and Two Stars, if 
he can be fo lucky as to obtain theſe ſeveral Obſervations, 
The Longitude being computed from the Obſervations 
made with each Star reſpectively, the Mean of the Reſults 
is to be taken as probably approaching neareſt to the true 
Longitude, In particular the Moon's Diſtance ſhould be taken 
from Two Stars, or the Sun and a Star on each Side of her, as 
often as Opportunity permits, fince the Mean of the Reſults will 
probably be at leaſt as exact again as either ſeparately, I mean 
as far as depends on any Imperfection of the Inſtruments, 
and unavoidable ſmall Errors ariſing in the Uſe of them; Er- 
rors ef theſe Kinds having a natural tendency to correct each 
other; for that ſmall Error which ariſes from the lunar 
Tables will affect the Reſult from either Star equally. But the 


Error of Mr. Mayer's laſt lunar Tables here made uſe of, ſcarce 


ever exceeding 1/ at the moſt, and ſeldom amounting to 20%. 
the Uncertainty hence arifing in the Determination of the Lon- 
gitude can ſcarcely exceed half a Degree, and generally will 
not exceed 10 Miles. | | 1 5 
The Diſtances fet down in the Ephemeris, afford the Ob- 
ſerver a ready Means of knowing the Star from which the 
Moon's Diſtance is to be obſerved ; for he has nothing to 
do but to ſet his Quadrant to the Diſtance computed roughly 
from the Ephemeris, neglecting the Seconds, at the apparent 
Time eſtimated nearly by the Meridian of Greenwich ; and 
direct his Sight to the or Weſt of the Moon, accord- 
ing as the Diſtance at Greenwich is found in Page 9 and 
„ e 


— 


Mcon upon the little Speculum; let 


- - 9th Hour of the firſt or laſt Interval. 


| 22907 in Twolat Pages ofthe Month; and having found the 


| let him Fu Sweep with 
the Quadrant to the Right and Left, and he will find the 


Star he fecks for, if above the Horizon and the Air be clear, 
nearly in a Line perpendicular to the Line of the Moon's | 


N 


Horns or longer Axis, or, which is the ſame Thing, in t 
ways one of the brighteſt, fo that there is little Danger, of 
miſtaking another for it, if the preceding Directions are 
carefully obferyed. The Time at Greenwich is eſtimated 


's thorter Axis preduced. The Star is al- 


nearly by turning the ſuppoſed Longitude from Greenwich 


* 


into Time, by Table Page 6, J, and 8, and adding it to or 
I bſtracting it from the Apparent Time at the Ship, as its Lpn- 
gende is Welt or Eaft of Greenwich. It will be ſufficient if 
the Diſtance be computed from the Ephemeris within 100. or 
20%, for ſetting the Quadrant. The principal Uſe. of the 


Diſtances of the Moon from the Sun and fixed Stars; namely, 
in determining the Longitude by Compariſon, with the correſ- 


ponding Diſtances, obſerved. at Sea, will be ſhewn hereafter 
in its proper Order, in the Diſſertation eee the Me- 


mod of computing the Longitude at Sea by the Help of the 


. Ephemeris. 


The Diftances contained in the Ephemeris were computed 


ſttrictly to Noon and Midnight, and thence interpolated for 
every Three Hours, according to the Method ſhewn for com- 
puting the Moon's Latitude, Page 179—19 : Except that the 
Correction of ſecond Differences at the Middle of the Inter- 
val to be interpolated, was taken 4 of the Mean of the Two § 


ſecond Differences, and at the firſt and third Quarter of the 


Interval was taken + of the Correction juſt, found at the 
Middle of the Interval; inſtead of conſulting Table Page 11, 
which would however have given the ſame Reſult. Put, at 
the firſt 12 Hours when the Diſtances of the Moon from a 
Star begin, and the laſt 12 Hours when the. Diſtances end, 


there being only One ſecond Difference inſtead of Two ſe- 


cond Differences cn. each Side to take a Mean of, this Me- 
tho fails in theſe Caſes, and therefore the following is to be 
ſubſtituted in its ſtead, being derived from Sir Iſaac New- 
tons Solution of the Problem of drawing a Curve through the 
Extremities of any Number. of given Ordinates. Phil. Nat. 
Princ. Math, Page 486. Edit. ult. 


From Four: Diſtances at Noon and Midnight computed 


- rictly, to interpolate Three Diſtances at the ; 3d, 6th „and 


Subſlract 


* 


1. 167 ] 


Subſtract each Dittance from the following, for the firſt 


Differences, and prefix the Sign —, if the Diſtances de- 
creaſe. Subſtract each firſt Differenee thus found from the fol- 
lowing one of the ſame Order, for the ſecond Differences: And 


in like Manner ſubſtract the firſt 2d Difference from the fol- 


lowing for the third Difference; applying the Signs as in 
algebraic Subſtraction. Denote the firſt or laſt firſt Difference 
by b, the firſt or laſt ſecond Difference by c; according as the 


Interpolation to be made is for the firſt or laſt 12 Hours, 


denote alſo the third Difference by d; and, à being put to 


ſignify the Diſtance at the Beginning of the Interval, the in- 


terpolated Diſtances will be as follows: : 


At zd Hour of firſt Interval - 2 + 2b — e l 

At 6th Hour of firſt Interval a+ 2 — {4 c+ 4 

At Wy Hour of firſt Interval. a + 3b — $$; c + 55x44 
r : | 


At zd Hour of laft Interval 4 ＋ Zb— $c— 444 
At 6th Hour of laſt Interval a+Zb—z3} c— 1 
At 9th Hour of laſt Interval 4a ＋ 46 —- 1 — 1214 


In adapting theſe Formulæ to Numbers, gredt Care muſt 


be taken about the right Application of the Signs. Thus if 


b, c or d is Negative, apply the Number expreſſing the Value 
of that Term of the Formula where it is found with a contrary 
Sign to that of the Formula. ED | 

me add in this Place, that if in filling up the firſt and 


laſt Intervals, a new ſecond Difference has been ſuppoſed in 


arithmetical Progreſſion with the Two given ones, in order to 
take a Mean between it and the firſt or laſt fecond Difference, 
the Interpolation at the Middle of the Interval or 6th Hour 


will be had true, the ſame as if the above Formule had been 


_ uſed: But at the Interpolation of the firſt and third Quar- 
ter there will be an Error of rr third Difference; which 
will be corrected, by applying + 21 or third Difference, to 
Number found at the firſt Quarter of the Interval, and Ar 4 
to that found at the third Quarter of the Interval; equally 
the ſame whether it be the firſt or laſt Interval. i 
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With this Time. enter theſe Tables, and . the 
Column of Log. Riſing take out the Logarithm cor- 


_. reſponding thereto : From this Logarithm ſubtract the 
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Here the by found by Computation may be — on as. 
"hs trne Latitude of the Place of bſervation, ſeeing it differs 


only One Mile from the Latitude wed i 5 the Operation. 15 
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N. B. By O' Alitude i is always: meant the Altitude of the 
. Sun's Center; for obtaining which at Sea the uſual, and 
| indeed the beft, Method is, with a well-adjuſted Hadley's 

Quadrant, tagbſerve the Altitude of his lower Limb above 

the Horizon of the Sea, which being Qleared of the Eft 8 

df Refraction, and the Dip of we vifible Horizon, 4 

cording to the Tables for that Purpoſe, and the Seni 
diameter of the Sun added thereto will give the correct 
Altitude of his Center, 3 As follows: 2 


4 480. 587, above the Horizon of the Sea, the Obſervers ye 
being elevated 20 Feet above the Surface of the wax. nd 7 N 
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9 EX AML E A. 
Being a at Sea in 500. 400 North Tee 15 ee hen 


Os Declination was 20%. 00/. South, at 106. 17/, A. M. per 


Watch, O's Altitude was found 175. 13“ and at 11. 17 


A. N. F it was found 195. 38 e the La - 
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* the Latitude, by this 8 differ 41 Miles from 
that by Account, it is proper to repeat the Operation, uſing the 
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167 EXAMPLES. 5 

The Latitude laſt- found, differing only One Mile from that 
uſed i in the Operation, may be relied on as tlie true Latitude. 
It is evident that the Operation is repeated with very little | 
lh meas Tag e but few Alterations being neceflary. | 
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1 at Ses in the Latitude of 605. ol. North by Lon, 
. the Sun was in the Equator, and, confequently had no 
Declination, At. bh o/ P.M, per Watch, his A [titude was 289. 
$3', and at zl. O, P. M. per Watch, it was 200.42. : Required 
Je en ens | D.M. | 

C Lat. 60.00=8.30103 
H. M.S. D. M. ODec. 00.00=0.00000 

1. O0. 00 28. e 

| 3-00.00 20,4457595 340 Log. Ratio=0.30103 
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. the Latitude by „ comes out the ſame with 
the Latitude by Account, which ſhews that the Latitude by 
Account was right. From the foregoing Examples it is plain 
— that the Operation is the ſame, whether the Sun hath North 
Or South Declination: And it will be the ſame whether the 
Pup is in North or a Latitude. It is alſo clear that, When 
the Sun has no Declination, the arithmetical Complement of 


Be: Log. Coſue of the Latitude. is the Log. Ratio. 


Hitherto it Jos keen ſup; xoſed that both the Altitudes were 


Wink at the ane. & er Or ation; : But as that can ſeldom be 
32 9 e 17 55 the 
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EXAMPLES: Tat 


2100 th 5 of the Sanz at he Laika al the Firſt Ob- 
ſervation, be taken by Compaſs (Which call O, Bearing 4 ; 
and when the Second Obſervation is taken, find how far 
Ship hath gone, in the Time between the Obſervations, to- 
wards, or farther from, that Point of the Horizon in which 
the Ship was found at the Firſt Obſervation. This Quantity, 
added to the Firſt-obſerved Altitude, if the Ship hath moved 
towards the aforeſaid Point, or ſubtracted from the Firſt Al- 
titude, if the Ship hath gone farther from the ſaid Point, will 
rednce the Firſt Altitude to what it would have been found, 
if obferved at the fame Station where the Second Altitude was 


taken, 


Thus ſuppoſe that when the Sun bore 8. E. Z E. by 8 
his Altitude was obſerved 188. 27 7-3 and Three Hours after it 
was obſerved 38. 23/, the Ship in the mean time having gone 
8. E. 4 E. by Compaſs at the Rate of Six Knots per Hour: 
; Required what the Firſt Altitude would have been found, if 
it had been obſerved at the ſame Station with the FRO. Alti- | 


Here the Ship's Courſe 1 direttly — that Point of . 
Ho Horizon the Sun bore on when the Firſt Altitude was 


taken, the whole Diſtance run between the Obſervations, viz. 


18 Miles, muſt be added to the Firſt Altitude, which will 
bring it to what it wovld have been found if obſerved at the '_ 
Station where the Second Altitude was taken. So that the _ 

Two Altitudes for finding the Latitude of the laſt 2 will 


: os 185ũ 45” and 387. 23' 


Had the Ship 8 Courſe b bien N. W. 1 W. or 1 . the 
Point that the Sun bore on at the Time of the Firſt Obſerva- 
tion, in that Caſe the 18 Miles mo have men, a e 


from the Firſt-obſerved Altitude. re Fins 


When che Ship's Courſe makes an Acute or Obtuſe Fo ; 
with the ©'s Bearing, the Diſtance gone towards, or from, 
that Point = the Horizon may be readily found by Help of Fw | 

T able cf Difference of Latitude and Fe . 
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| * This . that When the Stn Nous 8 E. by d. b Cana 
-bls Altitude was 269. 50% and after. failing- 18 M les on. a 
South Courſe by Compaſs, his Altitude was 37. 10%, R 
quired what the Firit Altitude would have been, i obſerved 
ith: Station where the Laſt Au was * „„ 
"Here the Ship! 8 Cale: iba, an Angle of. Three Points, | 
or 330. 451. with the O's Bearing, find in the Table of Differ- 
ence of Latitude and Departure, what the Difference of Lati- 
tude will be, wlien the Courſe is 3 Points, and the Diſtance 18 
Miles, and you will have 15 Miles to be added to the Firſt 
Altitude, the Slip having gone fo much towards the Point of 
ms ang Aol the lan they: bare ! as is e Bom FE: 
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S that the Two Altitades to be uſed for Gnding th the Latitude of | 
To the Second Station are 2 279. 055 and 37% 10%. | 


11 Had the Ship's Courſe been North, or Three Points "Ivy the 


Point oppoſite to the *@'s' Bearing, in that Caſe _ 1 65 1 897 ” 


e have been ſubtrac ea from the Firſt Altitude. 
When 4. Ship's Courſe is at Right Abgles to the ©: 8 Beat. 

or Eight Poiuts from * i in That LE there is no > Cor- 
ig neceſſary. | 


Example: eee bit fiiting 7 | Abies: er Tomy on 1 
F. 1 S. Courfe, by Compaſs, at gh. 551.30”. M. per Watch 
otferved © Altitude 17”. 33/. bearing S. by E. 4 E. by Com- 
Pals, and ks — 85 10%. P. M. per W atch obſerved ©'s Alti- 

Joe 21. 1 quired the Latitude of the Ship when the 
ſt Air was 1 the Latitude ge being then 
7s 3 9 „North, * the Sun's Declinat 9 300%. South, 
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Tue Ship's Courſe makes an Angle of 64 Points with tlie 
©s Bearing, and the Diſtanee run between the 'Obſeriatzor 
4s 21 Miles; therefore from the Table bf Differetice of Lati 
_ tude and Departure take but the Difference of Latißide an 


_ Twering to that Courſe and Diſtance, Which is 7 Miles, to be | 


added to the Firſt-obferved Altitude, the Ship eri one 


much towards the Point of the Horizon that the Sun tlien bone | 


on; ſo the Two Altitudes to be uſed for finding! the La it 
of the laſt Station are 179. * For, „ $877 29:35 
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e E zl. 1759. * Shipdrank | evi 5 0f 
Biſcay bound into tlie Engl: ih Channed, ſailin 1 by E. 2 E. 
dy Compals, at the Rate of 9 iT Knots per 5 at lob. oo. 
A. M. per Watch obſerved 's Altitude 139. 207. bearing 


S. 2 E. by Compaſs, and at 1 *. 400. P. M. per Watch Os Al. 


titude was 14”. 15% the Latitude by Account being then 499. 
1% N. Required the true Lat. In this *Exarpls; ©'s Bearing 
at the Time of the Firſt inne is S. 2 + E. the oppoſite Point 
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0 33 


5 | 1901 — 3.27887 


LEES 


er is N. 4 W. Wich e Rhomb the + Sp! < Dimes . 
A E. 1 E. makes an Angle of 24 Points, and the Diſtanee 
between the Obſervations is 35 Miles; therefore the 
Bieres of Latitude anſwering to the Diſtance of 35 Miles 
on a Courſe of 24 Points, viz. 31 Miles, is the Correction 
to be ſubtracted from the Firſt-obſerved Altitude, the Ship 
haxin fromthe Pa ſo far, in the Time between the err ations, 
. of hs re thet the r Shen n bore: _ 


4 bur Time „%%% ͤ ͤK === OSA S 
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Being the Fae Latitude — na ye 


Example 2d. On October the 28th, 1766. 4 Ship ae 
N. E. 4 E. by Compaſs, at the Rate of 6 Knots per Hour, at 


11h, 28), 200%. A.M per Watch, the Altitude of Os lower 


Limb was e. 286, 18/. above the Horizon of the Sea, 
the Obſerver's Eye being elevated above the Surface of tie 
Water 20 Feet, Os Bearing by Compaſs being at the ſame 
Time 8. by W.; and at 25. 58˙. 20%. P. M. per Watch, the 
Altitude of ©'s lower Limb was obſerved 169. 400. above the 
 Hrrizon, the Obſerver's Eye being elevated as before, the 
Latitude by Account at the Time of the laſt Altitude being 
47“. 500. North: "Required the true Latitude of that Station. 
D. M. D. M. 
Firſt-obſery d At it. of ©'s 105 Limb 29. 18 nt Do. . 
Refraction to be ſubtracted — — 2 Reiten —3 


Altit. clear d of Refraction — it 16 5 5 | 2 1 
— of Horizon to * fubtracted o 
28.12 8 N 3 3 

© 8 ; Diameter to be added — — +16 —— — — +16 
Correct Altitude ef R — —— 28.28 Second De. 16.49 
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1 Here the ot 5 Conroe makes : an 8 5 85 WT 34 Points with 
the Point oppoſite to the ©'s Bearing at the Firſt Obſervation ; 
and the Diſtance failed in the elapſed Time is 21 Miles, 
which, in the Table of Difference of Latitude and Departure, 


;; gives 16 Miles to be ſubtracted from the Firſt Altitude; 
therefore 289, 281, — 09. 16“. 28“, 12/7. is the Firſt Alti- 


tude, and 169. 49/. is the Secon Ride 1 75 uſed for 1155 


ing the Latitude of the Jait Station, 
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57 2520 7, Diſt. 
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Had the Varia iation 155 the Compats $ 8 applied both to the 
ip Courſe and ©'s Bearing, it would not have made an 


Difference in the Operation or Reſult, as the Angle formed by 


them will be the fame, whether they are both eſtimated by 
5 Nr or w hen the Variation is ewes | in both. 85 
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REMARKS. AND CAUTION 


1 8 To BE ATTENDED To. HY 


"Is THE wy oF. THE FOREGOING rates 


80 wy I Mi. 4 0 Me e unf AT EU 


BY. THE. ASTRONOMER ROYAL, 


| H E 8 Tables are . to a Table of 
Natural Sines conſiſting of Five Places of Figures, 


when at the greateſt: Therefore, if the Table of Natural 
Sines made Uſe of ſhould conſiſt of Six Places of Figures 
when: greateſt, the laſt Figure to the Right Hand muſt be 


left out; or if it ſhould conſiſt of Seven Places of Figures. 
when greateſt (as is the Caſe of SHER win's Logarithms) 


the Two laſt Fi iure: to the Right] Hand muſt be left out. 


"Ihe If tha: Recon - 1 5 Wo 1 N 5 5 


| greateſt, then the Difference of the 3 elapſed Time and 
the middle Time is its Diſtance from Koons but if the 


Second Altitude be the leaſt, the Sum. of the Z . — 


| Tana and middle Time! is its Diſtance from Noon. 


UI. 1 — Tp the Firſt Altitude of the Sun to 155 


4 Station of the Second Altitude; by the Ship's Courſe by 
Compaſs is to be underſtood. its Courſe made good; 


Leeway, if any,. being firſt allowed, or. the Courſe by 
ies ee for Lebwa a7 Na but not for the Vas 
riation. 9 1 5 pe 
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Hance of the F irſt Obſervation f fre 
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The e toning © c A TE T 10 0 N s ee 
out the proper Times for making the Oxsxxva- 
ions are taken from Taz BRITISH Maniek, 8 
Su 1b E, p. 76. . "Os %%% Von on. 


. * TE Een „ , d Me 8 . 1 2 9 
IHE Tron e 3 _ always. a e LE 
tween Nine in the Morning and Three in the Af- 


; ternoon ; but the nearer they are to Noon the better; pro- 
vided cher be a ſufficient Interval bet ween them. The | 
l Directions will * ve Interval 1 is . | 


8 8 . 


II. If both Obe are in the 7 orenoon, the 11 5 


terval of Time between them muſt not be much leſs than 


Half the Diſtance af the _ = ervatioh from Noon. L 
IIL. If SSY Ge are in che Afternoon, "he 50 5 
terval between them muſt not be much Jeſs than the Di- 


de e 44 hc Foremdon ah , 
he in the Afternoon, the Interval of 1 mult not 


| HE 42 TT. ph F : 57 


5 3 2 * g 8 858 


V. If the Sum 8 Metidian Zenith Diftance be one: 


ably leſs than the Latitude of the Place, then the Obferva- 


tions mult be taken proportionably nearer to Noon. Thus, 
if the Latitude be double the Sun's Meridian Zenith 
Diſtance, the Firſt of Two Obſervations taken in the 
Forenoon mult not be before 9 3 A. M. nor the Second 
before 10 4 A. M. or the F wy of Two taken in the Af- 
texnoon muſt not be taken after 1 4 P. M. nor the Se- 
cond after 2/4 P. M. and if One Odſervation be taken in 
the Forenoon, and the other in the Afternoon, that in the 
Forenoon muſt not be taken before 9 5 A. M. nor muſt 


the Interval between that and the Ae Obſervation 


be above 31 Hours. If the Latitude be Three Times the 
Sun's Meridian Zenith Diſtance, the Firſt of Two Obſer- 


vations taken in the Forenoon muſt not be before 10 A. M. 


nor the Second before 11 A. M. or the Firſt of To 


taken 


th before 11 1 A. M. or the Firſt e 


TT ek © 
kei in the Akiernegn muſt not be after 1 p. M. nor che 


Second after 2 P. M. Or, if One be taken in the Fore- 
noon, and the other in the Afternoon, that in the Morn- s 


ing muſt not be before 10 A.M. and the Interval bi 


them muſt not be above Three Hours. If the Latitude 7 


be Five Times the Sun's Meridian Zenith Diſtance, the 


Firſt of Two, Obſervations taken in the Forenoon muſt 


not be before 10 4 A. M. nor the Second before 11 f A. M. 
or the Firſt of Two taken in the Afternoon muſt not be 


after o 2 P. M. nor the Second after 1 P. M. Or, if 


One be taken in the Forenoon, and the other in en 
noon, the Morning One muſt not be before xo 1 A. M. 
nor the Interval between them be above 2.4 Hours. MK 

the Latitude be Fwelve Times 4he.Sun's Meridian Ze- 


nith Diſtance, the Firſt of Two Obſervations taken in 


the Forenoon muſt not be before 1 A. M. nor the Second 


ternoon ot not be after o P. M. nor the Second after 


1 P. M. Or, if One be taken in the Forenoon and the 
bother in the Afternoon, the Morning One muſt not be 
before 11 A. M. nor the Interval between them be above 
1 * Hours: But if the Sun's Meridian Zenith Diſtance 
be ſtill leſs in proportion to the Latitude, it will be neceſ- 
ſary to take the Obſervations ſo much nearer to the Noon, 
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that the gs I 0 the ene wk be _ much di- : 
| winnen e 3 


| 150 If theſe d are uſed, 3 e mill . 
be at leaſt Five Times nearer the Truth than the La- 
titude by Account; and therefore the Error of the 
Latitude computed will not be above Ath of the Dif-. 
_ ference between them; whence a Judgment may be 
formed, whether it will be neceſſary or not to repeat 
the Calculation over again with the e found . 
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L \HE NAUTICAL ALMANACS 


of 1767, 1768, 1769, e and 1771. 


II. TABLES requiſite 3 wid me NAurr- 
GAL ALMANAC... 5 
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: III. PRINCIPUES « i Miri 7 Haxproon's 5 


| Warcn, with Prarzs of the ſame. 5 


iV. An ACCO ef the Going ef Me. 158855 


HARRISON's Watch at che ROYAL OBSERY A- 
TORY. 


V. The M ETHOD of Conſtrutting Mun ak 


QuADRANTSs, exemplified by a Deſcription of 
the BRass MURAL QuUaDRANT in the Royar 
OBSERVATORY at Greenwich : To which is added, 


The METHOD of dividing Aſtronomical In- 


ſtruments; by Mr. Joun 8 58 Mathematical- 
| Inſtrument-Maker. | | 


N. B. To the NAU TTC AI „ of 2765 are 
annexed Inſtructions relative to the Obſervation of 
the Tranſit of Venus over the Sun's Diſk on Jux R 
3d, 1769: And to the NauTICAL ALMANAC | 
of 1771 are added Tables for finding the Latitude 
from Two obſerved Altitudes of the Sun, with 
the Interval of Time, meaſured by a Watch; and 


new Tables for computing the mas of Jupiter "IE 
Third Satellite. 


